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INTRODUCTION 
Following the great technological developments made during the 1940s and 
subsequent medical developments in instrumentation made in the late 40s and 
early 50s, monitoring of many physiological variables has become a reality in 
both research and clinical settings. Intensive care units (ICU) for the treatment 
of acutely ill patients in various states have evolved rapidly and gained wide ac-
ceptance. With the introduction of analog computers in the late 50s and digital 
computers in the 60s, applications of these machines to physiological monitoring 
in surgical suites and intensive care units have greatly enhanced the power and 
flexibility of instruments. Primary emphasis of this article will be to review the 
quantitative measurements used to affect diagnostic and therapeutic decisions of 
the physician as he manages the high-risk patient in the intensive-care unit. Since 
the computer has become an integral part of the more sophisticated and pioneer-
ing intensive-care units, a significant part of this review will be directed toward 
computer applications. 
OBJECTIVES 
The long-term objective of monitoring physiological data is to decrease mor-
tality and morbidity by: (a) measuring data automatically on a real-time basis 
tpr analysis and decision making; (b) processing the data to set alarms; (c) pro-
viding control and feedback information for therapy; (d) suggesting therap) 
based on automated data entry; (e) providing insight into disease processes 
through research applications; (f) providing better care with fewer staff mem-
bers; (g) organizing and displaying information in a form meaningful to im-
proved patient care; and (h) correlating multiple parameters for clear demon-
stration of clinical problems. 
PHYSIOLOGICAL SIGNALS 
The search for the most significant physiological variables to measure has 
just begun. It should be apparent that no single physiological variable provides 






A multitude of physiological signals can and are being measured in various 
laboratories, but to perform these measurements in a clinical setting poses the 
following questions: (a) Can the procedure be brought to the bedside, since crit-
ically ill patients often cannot be moved? (b) Does the test or measurement have 
clinical value? (c) Can the patient tolerate the procedure if it involves blood loss 
or trauma? (d) Is the maximum amount of information made available from the 
fewest number of sensors with the least disturbance to the patient? (e) Does the 
measurement need to be made continuously or if intermittently, how frequently? 
(f) Is the patient made immobile and/ or uncomfortable by the measurement? 
(g) Can the measurement be made simply and reliably over an extended time 
interval? (h) Can the procedure be economically justified on a cost-effectiveness 
basis? 
General characteristics of physiological instrumentation that answer some of 
the problems are those that are: (a) simple; (b) easy to use; (c) stable; (d) inex-
pensive; (e) safe; (f) reliable-having a long interval between failures; (g) easily 
calibrated and tested; (h) able to present signals for multipurposes, viz, bedside 
display, computer analysis, or transmission to remote site. With these questions 
and characteristics in mind, "state of the art" monitoring techniques covering 
the following four areas will be explored: (a) cardiovascular; (b) pulmonary; 
(c) fluids, electrolyte balance, and body weight; (d) general clinical observations. 
CARDIOVASCULAR 
Indirect blood pressure.--Clinical evaluation of the functioning of the cardio-
vascular system depends to a large extent upon the measurement and interpreta-
tion of blood pressure. The measurement of indirect blood pressure bas changed 
little since the early 1900s. Technique and problems are clearly explained in the 
American Heart Association's recommendations for human blood pressure deter-
mination by sphygmomanometers (7). Excellent reviews of available direct and 
indirect blood pressure measuring techniques are contained in a book by Geddes 
(8) and an article by Fink (9). 
One notable development in the measurement of blood pressure indirectly is 
the application of the Doppler ultrasonic sensor (10) for measurement of vessel-
wall movement for detection of systolic and diastolic pressures. Recently, a com-
mercial version of this equipment has become available. Comparisons between 
the ultrasonically sensed and directly measured arterial pressures have been made 
(11) on patients following cardiovascular surgery. Correlations seem to be good, 
but at the moment the expense of the instrument precludes its use in many 
situations. 
Virtually every indirect measurement of blood pressure requires inflating a 
cuff to stop blood flow and suffers from many problems (7, 8, 12, 13). Frequent 
pumping of a cuff can cause edema and engorgement, leading to invalid results 
and discomfort to the patient. During hypotension and shock, Korotkov sounds 
are difficult to bear and result in invalid pressure readings (7, 9, 12). 
Direct arterial blood pressure.-Many significant developments have been 
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made recently in the measurement of intra-arterial blood pressure directly. More 
and more clinical centers are realizing the limitations of indirect pressure and 
realizing the advantages of measuring direct arterial pressure (12- 18). Problems 
of surgical procedure (19) and cut-down necessary to insert arterial catheters 
have largely been eliminated. Catheter clotting and dynamic response limitations 
due to catheter-transducer system characteristics have been studied and can be 
minimized by proper techniques. Simplified techniques have greatly improved 
signal quality and increased the trouble-free interval of recording. It is now com-
mon practice to insert central and peripheral arterial catheters percutaneously 
and attach transducers directly at the patient. Latter-day Saints Hospital has 
extensive experience with central arterial catheters, with a history of over 4500 
insertions and 12,000 patient days in intensive care with minimal complication 
Oess than 0.2% ). This has been made possible by three developments (20): (a) a 
simple percutaneous cannulation technique; (b) development of a continuous 
flush system that causes minimal signal distortion but enables the catheter to be 
flushed continuously and provides the mechanism for testing the catheter system's 
dynamic response to a step change in pressure; (c) development of simple, stable 
electronics at the bedside that nurses and technicians can easily operate (21, 22). 
The direct-pressure method gives not only systolic, diastolic, and mean pres-
sures but also visualization of the pulse contour and such information as stroke 
volume (17), duration of systole, ejection time (23), and other variables. Once 
an arterial catheter is in place it is also convenient for drawing blood samples to 
determine blood gases, dye dilution curves, and chemistries (20). 
Although most centers use peripheral pressures determined by needle cannula-
tion, evidence suggests that central arterial pressures are a more valid representa-
tion of the patient's physiological state. 
Venous pressure.-Monitoring of central venous pressure has become an 
accepted technique in the management of acute circulatory failure and main-
tenance of blood volume in difficult fluid balance problems (24, 25). As with 
arterial cannulation, venous cannulation is not without complications and tech-
nical pitfalls (26). However, development of cannulation techniques and simple 
equipment checks have greatly reduced complications and assisted in manage-
ment of patients. Simple water manometers are the most common measuring 
device in use. Pressure transducers have been used extensively and many available 
transducers are adequate for measuring central venous pressure. Useful informa-
tion is clearly derivable from the ventral venous pressures (16, 17, 27, 28). 
Problems still to be resolved in measuring central venous pressure are (a) 
hydrostatic pressure variations due to positioning of the transducer, since the 
transducer cannot be economically placed at the catheter tip and small, positional 
changes cause large errors in venous pressure (range 5-20 em H20); (b) infusing 
intravenous fluids while measuring pressure through the same catheter. 
Pulmonary artery pressure.-Recent catheter developments have opened an 
exciting new area of monitoring. Development of the Swan-Gantz catheter 
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(29, 30), a balloon-tipped, flexible catheter that can be flow directed from a 
peripheral vein into the pulmonary artery, has made routine clinical monitoring 
of pulmonary artery pressure possible. With this catheter, either pulmonary 
artery wedge pressure, measured by inflating the balloon at the catheter tip, 
or end diastolic pressure in the pulmonary' artery, gives a good indication of left 
atrial pressure, which is very valuable in predicting and treating left ventricular 
failure in myocardial infarction or surgical patients (31). 
Left atrial pressure.-Most commonly, left atrial pressure is measured on 
cardiovascular surgery patients when a left atrial pressure cannula can be placed. 
Normally, these cannulae are discontinued 24 to 48 hours following surgery 
(14, 15). Technical problems are very similar to those experienced when measur-
ing pulmonary artery and venous pressures. 
Bloodftow.-Measurement of blood flow (cardiac output) and stroke volume 
have become a major considerations in the management of patients in intensive 
care (14-17, 32-36). The most widely used technique is the indicator dilution 
technique using indocyanine green. The dye is injected into the right atrium or 
pulmonary artery and dye concentration is measured at an arterial site by with-
drawing blood through a cuvette system. This technique can be done rather 
simply, and automated techniques for calibration and computerized calulation 
have been implemented (33, 37, 38). 
In recent years, the .thermal dilution technique has gained popularity for the 
following reasons: (a) only one catheter is inserted into the circulation and no 
blood is withdrawn (especially important when monitoring infants); (b) only 
physiological fluids are injected, eliminating complications of other colorimetric 
techniques; (c) recirculation effects are minimized; (d) transducers are small and 
fast. Discussion of limitations of this technique are reviewed in a recent article by 
Wessel and associates (39). 
The Fick method for measurement of cardiac output (111) has been imple-
mented clinically in only a few laboratories because of the difficulties in gas 
sampling and in determining the arterial and venous blood oxygen content. 
The pulse contour technique developed by Warner (16, 17) gives an estimation 
of beat-to-beat stroke volume and has been used for both short- and long-term 
monitoring of several types of patients. The technique has limitations, but has 
been extremely useful in monitoring the critically ill and in planning therapy for 
these patients (36, 40). Changes in cardiac output can be followed very reliably 
for periods of at least 24 hours, and then, on some patients, recalibration is neces-
sary (41). Utilization of the central arterial pressure to calculate stroke volume 
and cardiac output is of great advantage for monitoring patients, since it requires 
only a central arterial catheter through which measurement can be made con-
tinuously or intermittently, as the situation demands. 
Electrocardiogram (ECG).-There have been a number of attempts in the 
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last ten years to develop automated classification schemes for detecting life-
threatening cardiac arrythmias, especially in myocardial infarction patients. 
Because of the high cost of continuous ECG monitoring by digital computer, 
two approaches have been taken: (a) development of hybrid and special purpose 
processors; (b) intermittent sampling for rhythm with continuous display of rate 
for alarm function. Most of these attempts have been directed at detecting 
arrythrnias using classification criteria similar to those applicable to a visually 
observed ECG monitor (42-45). 
Most ECG rhythm systems (47) will work reliably with high-quality signals, 
but there are rnisclassifications when artifacts are present. Fundamental problems 
therefore in automated measurement of rhythms are the patient electrode inter-
face and artifacts caused by patient movement ( 46). 
An interesting scheme that allows the nurse or physician to visualize rhythm 
changes is described by Webb ( 48). When each R wave of the ECG is triggered, 
a contour map can be produced on a storage oscilloscope or on a graphical 
recorder. A human observer viewing the pattern can easily pick out rhythm 
changes, rate changes, aberrant beats, and other significant abnormalities. 
Temperature.-The determination of body temperature by manual or auto-
mated methods is important in determination of septicemia, peripheral vascular 
perfusion, and as an indirect indication of certain physiological changes (14, 15). 
Joly & Weil (94) have used temperature of the great toe as an indication of sever-
ity of shock. Instrumentation for temperature measurement generally uses 
thermistors as sensing devices in the clinical environment. 
PULMONARY 
Respiratory insufficiency is a major cause of postoperative and posttraumatic 
death. There is a large class of patients who need respiratory monitoring ( 49, 50). 
Developments in pulmonary monitoring are especially important since it is 
difficult for the human observer to make direct quantitative assessments of pul-
monary function. Several laboratories and clinical centers have implemented 
pulmonary monitoring. The work of Osborn (15, 51-58), Peters (59-61), Lewis 
(62; 63), Dammann (64--67), and their colleagues gives a cross section of the type 
of pulmonary monitoring that is currently in use. The following specific areas 
are of primary importance. 
Blood gases.-Semiautomatic and automatic techniques have been devised 
for sampling and determining blood gases (PC02, P02, pH) (68, 69). The work 
of Eberhart (70) is an example of a scheme that requires the nurse to draw sam-
ples and then insert the sample into the system for automated measurements. 
More recently, Clark & Veasy and their associates (71, 72) have developed a sys-
tem for automatic withdrawal, sampling, and display of arterial and venous blood 
gases. The recent introduction of miniature 02 and C02 sensors (73) for continu-
ous intravascular monitoring of P02 and PC02 has provided the physician and 
staff with moment-by-moment analysis of respiratory gases in order to implement 
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therapy and determine patient status (74). Estimates of arterial blood PC02 can 
be obtained from end tidal (alveolar) respiratory gas sampling (75, 76). 
Tidal volume and minute uentilation.-One of the simplest techniques makes 
use of the spirometer on the outlet line of a respirator. This spirometer is valved 
such that it empties during inspiration and fills on expiration. Techniques have 
been devised that give the spirometer rate and tidal volume alarm capabilities (77). 
The primary instrument used for the measurement of gas flow is the Fleisch 
pneumotach (15, 59, 65). This instrument has been adapted for clinical situations 
but has the disadvantage that it requires multiple lead attachments and is subject 
to plugging if used for long-term monitoring. The recent development of an 
ultrasonic flowmeter holds promise for more clinically realizable intensive-care 
monitoring (78-80). Flowmeter signals are integrated to obtain tidal volume and 
minute ventilation. Commercially available packages are now being produced 
that permit implementation of respiratory flow and volume monitoring (61, 78). 
Respiratory rate.-Respiratory rate is easily determined from respiratory 
flow signals. Rate can also be measured using impedance plethysmography tech-
niques using the electrocardiogram electrodes as a signal source (81). 
Oxygen uptake.-Measurement of the amount of oxygen consumed has po-
tential value in determining the metabolic siate of the patient (54, 58, 82). The 
general approach to measuring 0 2 uptake is to measure air flow and oxygen 
concentration simultaneously during inspiration and expiration. Flow is mea-
sured with a flowmeter and oxygen content may be measured with a Westing-
house oxygen cell (15) or a mass spectrometer (83). If the product of flow and 
concentration is integrated, inspired 02 and expired 0 2 can be computed. Sub-
traction yields 02 uptake per breath. 
Carbon dioxide output.-A similar technique is used for measuring C02 out-
put. An infrared analyzer is usually used to measure the C02 concentration. Mass 
spectrometers (80, 83, 84) have been developed that allow measurement of 0 2, 
C02, water vapor, nitrogen, and other gases used in respiratory testing. These are 
now in clinical application. The ability to use a single instrument to measure 
several gases eliminates many of the calibration and variable time delay problems 
associated with other techniques. 
The automation of spirometric gas collection techniques has now made it 
clinically practical to measure oxygen uptake and C02 output using slowly re-
sponding sensors, thus simplifying gas exchange computation (61). 
Resistance, compliance, and work.-Measuring these parameters and following 
them at regular intervals (four hours) can lead to early respirator support and 
prevent the development of complicated postraumatic respiratory distress syn-
drome (61). Several techniques using intraesophageal balloons and pressure sen-
sors at the mouth have been used to estimate mechanical properties of the lung 
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(55, 85, 86) and the work of breathing. The work of Osborn (15), Peters (59-61), 
and Lewis (62), represent the outstanding clinical progress made in this area. 
Venous Oz/ arteria/Oz saturation measurement.-Fiberoptics catheters through 
which oxygen saturation can be measured by reflection oximetry (87, 88) 
have recently become clinically practical. With this technique, it is now feasible 
to measure arterial and venous oxygen saturations continously. Reflection 
oximetry, although it does not provide for COz and pH measurements, is an 
adjunct to the normal monitoring of respiratory gases since it can be obtained 
continuously without withdrawing blood samples. Fick determination of cardiac 
output is potentially implementable using this technique and oxygen uptakes 
discussed earlier. 
Tissue and regional perfusion.-Various techniques, most of them centered 
around a mass spectrometer (89, 90), have been used to measure tissue andre-
gional blood gas compositions. These sensors are slow, requiring 20 sec to 1 min 
per analysis. The slow speed however is adequate for determination of tissue 
perfusion. 
FLUIDs, EL-ECTROLYTE BALANCE, AND BoDY WEIGHT 
Intake.-Normally, fluid intake is determined by measurement of amount of 
volume given in the patient's food and by manually or semiautomatically mea-
suring intravenous infusions. There are no automatic techniques reported for 
fluid intake measurement. 
Output.-Measurement of output fluid volume is commonly made manually 
from a collection system. Sheppard (91, 92) and Meagher (93) have attempted 
to automate urine and drainage tube volume outputs. Computer algorithms used 
to calculate insensible losses from skin and respiration are based primarily on 
body / room temperature differences (11 0). Measurement of electrolytes (calcium, 
potassium, sodium, chloride) through semiautomatic techniques (2, 71) is now 
becoming possible using electrodes and ion exchange resins. 
Body weight is of critical importance in assessing critically ill patients. It 
gives indication of fluid balance and can suggest edema formation ( 49). Measur-
ing body weight with present techniques is cumbersome, at best, and is an area 
where engineering innovations are required. 
CLINICAL OBSERVATIONS 
Many of the automated and semiautomated techniques discussed above are 
not, at present, applicable to some very fundamental and necessary observations 
upon the patient (16, 17, 99). For example, none give indications as to patient 
history, which contains pertinent information for diagnosis and treatment. Other 
clinical observations made by physicians, such as auscultation of the heart and 
lung area and observation of X-ray information for detection of heart borders 
and condition of the lung, are not available through normal automated clinical 
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monitoring procedures. These, in addition to the verbal communication from 
the patient to the physician, are not amenable to automated techniques. How-
ever, any automated or computer technique must take this information into con-
sideration in order to be most effective. 
ELECTRICAL SAFETY 
With the increase in number and types of equipment located at the bedside, 
the possibility of electrical shock has become a very serious problem (95-98). 
The patient with the pacing catheter attached to an external pacemaker is the 
most electrically susceptible. Patients with fluid-filled catheters are next most 
susceptible, but by an order of magnitude less because of the high resistance of 
the fluid-filled column and the fact that the catheter tips are not normally placed 
in direct contact with the myocardium. 
SIGNAL PROCESSING 
With the multitude of physiological signals available and the minute-by-
minute variations that can take place in patients in intensive care, it is imperative 
that signals be processed to make them readily interpretable by the person re-
quired to make the clinical-decision-often a· nurse, intern, or resident. There are 
three approaches to such processing of physiological signals: (a) analog process-
ing, using linear or nonlinear amplifiers; (b) processing with both analog and 
digital processing in the same package; (c) digital processing in which the digital 
signal is normally derived from analog preprocessed signals. 
In the case of digital processing there are multiple approaches and the appli-
cation of each appears to be dependent on the technology available locally. These 
approaches are: (a) large-scale, time-shared computer processing where all of the 
algorithms are continued within the system software (15, 56, 100); (b) small-scale 
computer processing with software algorithms (42, 61); and (c) hardware pro-
grammed algorithms that make use of a limited amount of data storage and use 
fixed hardware algorithms to process the physiological signals. At the present 
time the first and second type processors are in most widespread use. Develop-
ments of clinically acceptable algorithms, however, will likely lead to more of the 
third type of processing. 
· A basic underlying question related to the processing of physiological data 
in any setting concerns the frequency of acquisition of the data and their clinical 
disposition (14, 15, 40, 61, 64). This problem is similar to many engineering prob-
lems in that compromises are required. On the one extreme, continuous measure-
ment of physiological variables is indeed possible, and can easily be quantita • .:d. 
stored, and displayed. However, practical experience has shown that to display 
and store variables at this rapid rate is both expensive and unsatisfactory from 
the user's point of view. If one takes the central arterial pressures as an example, 
there are at least ten parameters that can be calculated from this waveform, in-
cluding systolic and diastolic pressure. By taking beat-by-beat variations, these 
ten parameters would be available approximately every second and could easily 
overwhelm computer storage capacity and any display device. 
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One exception to the above point of view occurs during surgery or following 
acute trauma when operative or procedural changes are occurring at rapid rate. 
In these cases, review of the raw data by analog display is more helpful than 
computed results. For most patients in intensive care, however, except for acute 
transient periods, we have found that automatic measurements of cardiovascular 
variables every 15 minutes, with operator-actuated measurements available con-
tinuously, provide adequate information on the state of the patient ( 40). Intermit-
tent sampling of physiological signals is now the mle for automated clinical units 
(14-16, 61 ), the exception being ECG rhythm monitoring and the work of Dam-
mann and associates (64). Time intervals for cardiovascular sampling are nor-
mally between 2 and 15 minutes and undoubtedly will eventually be determined 
by the economic considerations (42, 101). 
DISPLAYS 
Physiological monitoring in a clinical setting requires displays that are simple 
to use and easy to understand. Our experience bas shown that for arterial and 
venous pressure, direct calibrated bedside instmmentation and oscilloscopes are 
necessary for displaying unmodified pressure signals. Bedside instrumentation 
provides rapid quality checks and system backup. Graphical recorders are a 
necessity for studying arrythrnias and various other physiological waveforms. 
One of the most challenging areas in the medical application of computers 
is to develop techniques for optimal display of derived information (14-17). The 
computer is able to collect and store a mass of information. Displaying the infor-
mation to the user-usually a physician or nurs~requires very careful considera-
tion. Our group and several other groups have gone through several iterations 
in generating displays of physiological data. We find that numerical as well as 
graphical data is important. Evaluation of the various types of displays has shown 
that displaying data in graphical form makes trends and acute changes more 
visible, thereby permitting clinical judgments to be made more easily. Rapid 
recall of information is also very important and is made practical by using a sim-
ple bar graph display (102). 
The decision as to whether the display should be located at the bedside or at 
the central terminal in the intensive care unit depends on the user's philosophy. 
Our concept (16, 17, 40) bas been that the bedside equipment and display should 
be simple and relatively uncluttered and that the central unit should be more 
sophisticated and allow for physician-nurse consultation. However, others 
(14, 15) have taken a different approach and have only bedside units, requiring 
all data entry and retrieval to take place at the bedside. Newer monitoring systems 
are being designed with simple display and data entry capability at the bedside 
with the central console used for detailed discussion on a particular patient with-
out cluttering the bedside area and unnecessarily alarming the patient in the 
critical care area. 
The ability to store and retrieve data offered by the digital computer is one 
of the most powerful augmentations to monitoring equipment (103). It has been 
our observation that bard-copy reporting is necessary in intensive care and sur-
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gical procedures to: (a) provide a permanent legal record; (b) form a research 
base for studying patients; (c) provide a tool for treatment of the patient. How-
ever, it has also been observed that continuous treatment of the patient depends 
directly on timely and frequent information preferably recoverable on demand; 
reports generated at shift intervals of about eight hours are of limited value in 
patient care. To make the medical record available in a timely fashion, it is neces-
sary to enter the entire patient record into the computerized system. For example, 
if a drug is given at a certain time that causes physiological changes, the drug 
administration must be entered in the record in proper time sequence to under-
stand the change in the physiological state of the patient. 
ALARM, DIAGNOSTIC, AND FEEDBACK SYSTEMS 
As sophistication in monitoring and the number of parameters measured 
increase, one is faced with interpreting the data. It has been clearly demonstrated 
in several centers that merely presenting data, raw or derived, does not neces-
sarily improve patient care (14-17, 104, 105). The intellectual problem of deciding 
if a change has occurred in the patient's status, and if that change requires inter-
vention, is one of considerable importance and one where the computer can help 
by organizing the data (92, 106). 
There are three distinct types of computer-generated feedback. The first is an 
alarm system. Alarm systems can be based on single or multiple parameters 
based on data derived from physiological signals and/ or manually entered data. 
The shortcomings of this type of simple approach to monitoring are pointed out 
by Raison (51) and Afifi (106). However, even these simple alarms have value 
(40). The second level of feedback can take two forms: (a) verbal feedback, sug-
gesting to the physician or nurse the course of therapy that should be taken, e.g., 
drug drip rates, and (b) an automatic physical feedback control of the patient. 
Examples of the latter are a fluid and blood infusion system in use at the Univer-
sity of Alabama (14, 91), and drug infusion and respirator control systems pro-
posed by several installations. The third type of feedback consists of taking 
derived data and making a diagnosis and suggesting therapy or procedures. 
Although this approach is in its formative stages (99), it has tremendous impli-
cations. 
The implications of the latter two types of feedback systems are many. Not 
only do they provide a valuable assist to the person involved in the decision-
making process, but they also establish criteria necessary for treatment of patients 
in acute situations. Capability of such a system provides ready access not only to 
the raw data and trends but also to clinically relevant decisions previously made 
in a manner not unlike the problem-oriented medical record system of 
Weed (107). 
INTERACTION WITH OPERATORS 
Critical to the success of any operator-oriented system is the human engineer-
ing. In the case of clinical physiological monitoring this is especially important, 
since the understanding, background, and training of the users is widely varied. 
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In the case of the intensive care unit, the user is normally a highly trained nurse 
with a little training in technical areas. In the surgical suite it is normally a highly 
trained and sophisticated physician who is making use of the information. 
Use by personnel who are not actively, day-to-day involved in computer mon-
itoring has been a major problem and will continue to be a challenge. Despite the 
capabilities of a computer system, if people using it don't understand its capabil-
ity and don't know bow to use the information it provides, there will be little use 
of available information. Therefore, major emphasis at all the centers where 
computerized monitoring is used is towards training physicians, nurses, and 
technicians to understand better the physiological basis of information made 
available to them. 
EVALUATION AND COST STUDY 
A good way to evaluate any clinical system is to look at its "cost-effective-
ness." The "cost" part of this evaluation is rather straightforward; however, the 
"effectiveness" is considerably more difficult to quantitate. Recent cost studies 
of our intensive care system ( 40, 108) and others, mainly Cox ( 42) and Sheppard 
(92, 109), have shown the computerization cost to be relatively high. Charges for 
computer use are being made at a rate of about $19 per day in our intensive care 
unit and are being made at a rate of $50 per day at the University of Alabama (4). 
(Data is not available on the other units.) 
Cost evaluation is but one of the methods of evaluation. Indexes such as 
mortality, morbidity, length of stay, and others are indicators of the effectiveness 
of the system, but, unfortunately, are influenced by so many other factors that it 
is almost impossible to verify the most important one. For the present, at least, 
we feel the medical-clinical judgment of the physician in establishing charge for 
service is the best index of value. Over the next year the Arthur D. Little Com-
pany will be evaluating computerized physiological monitoring at four sites under 
contract from the national Center for Health Systems Research and Development 
and the Public Health Service. The purpose of this study will be to document the 
system benefits, extent of use, and impact the system has made on information 
transfer, medical care, and cost structure in intensive care. This study by an inde-
pendent outside group should give insight into the effectiveness of clinical phys-
iological monitoring. 
CONCLUSIONS-FUTURE 
Physiological monitoring is gaining wide acceptance in clinical practice be-
cause it is a form of "preventive medicine." Monitoring and clinical response to 
monitor-generated information play an important role in "prevention" of catas-
trophic events in the critically ill. 
The search for the most predictive physiological measures will continue. New 
instruments will enable clinical investigators to evaluate patients better and to 
assess the predictive worth of physiological parameters measured by the instru-
ment. The economic constraints of physiological monitoring and the measure-
ment of cost-effectiveness will play an ever-increasing role. Although computers 
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are rather expensive monitoring devices at the moment, they should bring about 
improved monitoring at less cost by (a) decreasing complications and hence, 
length of stay, and (b) decreasing requirements for staff to perform sophisticated 
quantitative monitoring. 
Technological developments alone are not enough to improve patient care. 
A concerted effort must be made to educate the entire staff (physicians, nurses, 
technicians, etc) to the significance of physiological measurements. Improvements 
in monitoring can best be made by physicians, nurses, technicians, engineers, and 
programmers working as a team. 
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